Background. Controversy exists with volume resuscitation using crystalloids or colloids. Renal dysfunction has been reported with some colloids and osmotic agents, but remains poorly defined. Patient. We report the case of a 67-year-old male who had normal kidney function at baseline and who developed anuric ARF in relation to the administration of >10 litres of 10% pentastarch. A renal biopsy confirmed hydropic changes in tubular cells compatible with colloid-induced damage. Conclusion. This case demonstrates that hydroxyethyl starch preparations may be associated with acute kidney injury, and one should carefully consider their use, especially in patients with pre-existing renal dysfunction. Osmotic tubular cell lesions may be long lasting and irreversible.
Background
Volume replacement in the acutely ill and the choice between colloids versus crystalloids has generated much controversy recently. Artificial colloids such as hydroxyethyl starch (HES), gelatin and dextran have been used to obtain optimal volemia. Hydroxyethyl starches are widely used because of their favourable cost and their lack of infectious potential when compared to albumin [1] . Hydroxyethyl starches are heterogeneous molecules that are produced by hydrolysis and hydroxyethylation of amylopectin. Glucose molecules are hydroxyethylated at the C2, C3 and C6 positions to slow renal clearance. Each HES preparation is characterized by its molecular weight (70-450 kD), concentration (3, 6 and 10%), molar substitution and degree of substitution (0.4 to 0.7). HES preparations with a higher molecular weight, ratio of C2:C6 hydroxyethylation and deCorrespondence and offprint requests to: Martine Leblanc, Department of Nephrology and Critical Care, Maisonneuve-Rosemont Hospital, 5415 de l'Assomption, Montreal, QC H1T 2M4, Canada. Tel: +1-514-252-3489; Fax: +1-514-255-3026; E-mail: martine.leblanc@sympatico.ca gree of substitution have a slower metabolism and elimination. These characteristics dictate in vivo pharmacokinetics properties of HES [2] . Large HES molecules are cleaved by alpha-amylase and excreted in the urine or phagocytozed by the reticuloendothelial system, but molecules <50 kD are eliminated by glomerular filtration [3] . Traditionally, preparations of HES used in North America have been of higher molecular weights and degrees of substitution when compared to products used in Europe [1, 2] . Several clinical trials, cohort studies and case reports have described renal dysfunction associated with colloids. Controversy concerns not only the safety of colloids with regards to renal function, but also the different safety profiles of the various preparations of HES.
Case report
A 67-year-old Caucasian male with known coronary artery disease, type II diabetes, hypertension, peripheral vascular disease and normal renal function was admitted with septic arthritis of the right knee. Four months before his admission, he underwent coronary artery bypass and developed a Staphylococcus aureus infection at the site of the saphenectomy. His 6-month admission was complicated due to numerous septicemias including disseminated Staphylococcus aureus infections involving the lungs, the right knee, the sternal wound and the surgical wound at the right femur. He underwent five surgical revisions and was mechanically ventilated for a prolonged time with ARDS complicating his evolution. After the fifth surgical intervention, he became haemodynamically unstable and required vasopressors for 11 days (26 to 37). The patient received broad-spectrum antibiotics during his ICU stay.
His renal function, though normal at admission, deteriorated rapidly on Day 15. This first episode of oliguric acute renal failure (ARF) was considered multifactorial and attributed to sepsis and potentially nephrotoxic medication (COX-2 inhibitor, gentamycin, ACEI). Continuous venovenous haemofiltration was started on Day 38 of admission because of uraemia, metabolic acidosis and encephalopathy and continued for 5 days. Serum creatinine stabilized between 106 and 155 µmol/L during Days 44-64 after which,for no clear reason, the patient developed anuric ARF without any response to hydration or diuretics. Throughout his intensive care unit stay, the patient received 10.75 litres of 10% pentastarch (Pentaspan, from Dupont Pharma Inc., Canada) over a 2-month period (Days 11 to 69). Intermittent haemodialysis was initiated at that point (Day 67). Renal ultrasound showed normal sized kidneys without hydronephrosis. The urinary sediment showed only two dirty brown casts and no eosinophilia. The fractional excretion of sodium was 1.2% while receiving furosemide. A renal radionuclide study showed marked bilateral hypoperfusion with a renal blood flow of 255 ml/min (normal >600 ml/min). Renal biopsy showed severe hydropic changes of the cytoplasm of tubular cells clearly suggesting pentaspan as a cause (Figures 1 and 2) . The patient was discharged from our hospital after a 6-month stay. He remains on chronic haemodialysis at the present time.
Discussion
Some studies showed that HES administration has led to reversible swelling in renal tubular cells by probable reabsorption of macromolecules causing tubular obstruction and medullary ischaemia [4] [5] [6] . Glomerular filtration of hyperoncotic molecules causes tubular flow stasis and obstruction of the lumen [6, 7] . A lower effective glomerular filtration pressure following an increase of the plasma oncotic pressure by hyperoncotic colloids may also explain renal dysfunction induced by HES [6, 8, 9] . Osmotic nephrosis-like lesions (vacuolization of the proximal tubular cells) involving the proximal and distal tubules on histology and acute renal failure can be observed after infusion of HES [6, 10] . Similar lesions have been described with other agents like dextran, immunoglobulins, mannitol and iodinated contrasts agents [11] [12] [13] [14] [15] . However, the same lesions can be seen on biopsy without associated renal failure [10] .
Ten percent pentastarch has a molecular weight of 200-300 kDa and a 0.4-0.5 degree of substitution (200-300/0.4-0.5). Prescribing information suggests doses between 500 and 2000 ml/day or 28 ml/kg for a 70 kg patient. Use beyond 72 h has not been studied. The French National Institute of Health and Drug Safety recommends a maximum total dose of 80 ml/kg and administration not exceeding 4 days. Ten percent pentastarch induces an expansion of volume that persists for 18-24 h. Seventy percent of a single dose of 500 ml of 10% pentastarch will be eliminated in the urine in 24 h and 80% will be eliminated in a week. Pentaspan is contraindicated in renal insufficiency with oliguria or anuria not related to hypovolemia.
Pharmacokinetics of HES in patients with renal insufficiency are only available with the HES (130/0.4) preparation [16] . Non-anuric volunteers with mild, moderate and severe renal insufficiency received a single dose of 500 ml of HES (130/0.4). Plasma accumulation of HES (130/0.4) increased with the degree of renal insufficiency [16] . HES administration was suspected as the cause of acute renal failure (ARF) in some case reports published in recent years [17, 18] . However, high doses (35.9 ml/kg) of HES 6% (200/0.5) given during total hip arthroplasty showed no differences in renal function compared to patients receiving albumin [19] . Multiple dose pharmacokinetics studies show that all HES preparations with a molar substitution of >0.4 have a decreased clearance over time (except for HES 130/0.4) [16] .
In the ICU, use of albumin was compared to HES in two prospective randomized trials, and showed no difference in the creatinine and urine output between groups [20, 21] . Use of gelatin was compared to HES in two prospective randomized trials, one in trauma patients [22] and another in sepsis patients [15] with conflicting results. In septic patients [15] , the incidence of ARF was higher with HES while in trauma patients no difference was seen between the two groups. In these four studies [15, [20] [21] [22] , colloids and not crystalloids were compared to another colloid, HES.
The results of the Efficacy of Volume Substitution and Insulin Therapy in Severe Sepsis (VISEP) study, a large randomized controlled trial, were recently published and demonstrated an increased incidence of renal failure in patients receiving HES versus Ringer's lactate [23] . The study had a two-by-two factorial design which compared intensive insulin therapy with conventional insulin therapy and 10% HES (200/0.5) with Ringer's lactate and involved 537 adult patients with severe sepsis or septic shock. The trial was stopped prematurely because of an increased number of hypoglycaemic events in the intensive insulin therapy group. Patients in the HES group received a median cumulative dose of 70 ml/kg and had a significantly higher rate of acute renal failure (34.9% versus 22.8%) than those receiving Ringer's lactate. More days on renal-replacement therapy (18% versus 9%) were also required by the group receiving HES when compared to Ringer's lactate. There were no overall significant differences in mortality at 28 and 90 days; however, there was a trend towards increased mortality at 90 days in patients receiving HES.
Our patient received a cumulative dose of 130 ml/kg of 10% pentastarch over a 2-month period, including before, during and after his sepsis. The biopsy obtained clearly shows pathological evidence of renal dysfunction induced by the administration of 10% pentastarch. Recent literature supports these findings and demonstrates renal toxicity of HES with various preparations, with preparations of higher molecular weights and degrees of substitution appearing more susceptible to induce renal damage. According to our case, we may conclude that HES-induced osmotic tubular cell lesions seem long lasting, definitive and irreversible.
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